Occurrence of left ventricular free wall rupture following myocardial infarction is an unpredictable event associated with very high mortality rate. The most appropriate surgical approach remains controversial. With recent advances in portable echocardiography machines there has been a progressive rise in the number of cases of left ventricular free wall rupture diagnosed and reported. Early diagnosis and expeditious relief of tamponade followed by emergency surgery could save many lives. We present a review of six patients treated at our institute for ventricular free wall rupture over the last ten years. A literature review of the optimal management strategy follows. All patients were operated using cardiopulmonary bypass. Two patients died following surgery. Intra-aortic balloon pump was used in all patients. One patient had coronary artery bypass grafting empirically based on palpable disease in the epicardial coronary arteries. None of the surviving patients showed any evidence of neurological deficit. We advocate tailoring the type of repair to the status of the tear at the time of operation.
Introduction
In recent years major advances in the management of myocardial infarction (MI), including thrombolysis and primary percutaneous intervention, has dramatically improved the outcome w1,2x. However, mortality due to left ventricular (LV) free wall rupture as a complication of MI continues to be high w1,2x. Hence prompt diagnosis and surgical treatment of this condition has gained increasing significance. Accessibility of portable echocardiography coupled with greater awareness of the condition has allowed antemortem diagnosis and emergency operative repair in some cases.
The experience of any surgical team in dealing with this catastrophic complication is likely to be limited. We present six cases that underwent operative repair during the last ten years at our institute and review the literature on the current status of diagnosis and management.
Material and methods

Patients
From January 1996 to December 2005 six patients underwent surgical repair of left ventricular free wall rupture post MI. There were three males and three females. E-mail address: mishrapk_25@yahoo.com (P.K. Mishra).
had a past history of MI. Four patients had a history of hypertension. Three patients had a history of angina. Only one patient had a history of treatment with thrombolytic agents.
Clinical presentation, diagnosis and initial management
In four patients rupture developed within 24 h of MI. In one patient it developed on day two and in one patient on day three following admission with chest pain.
The clinical presentation was with cardiogenic shock in Accident and Emergency in four patients. One patient was admitted in coronary care with history and electrocardiographic findings suggestive of acute myocardial infarction. He was thrombolysed and was responding well to treatment. On day three he deteriorated suddenly and had a cardiac arrest. He was successfully resuscitated and an echocardiographic diagnosis of left ventricular free wall rupture was made. One patient was admitted to coronary care with angina and on day two developed unexplained hypotension. Echocardiography revealed fluid in the pericardial cavity with tamponade.
The diagnosis was made on echocardiography in five patients and was noticed at the time of operation in one patient (preoperative diagnosis was aortic dissection). One patient had cardiac catheterisation performed as part of assessment. It revealed severe acute aortic regurgitation and echocardiography reported a suspicious aortic root with a large expanding pericardial effusion. A computed tomogDownloaded from https://academic.oup.com/icvts/article-abstract/6/1/39/639342 by guest on 10 April 2019 raphy scan raised doubts of aortic dissection with pericardial effusion.
Echocardiography showed normal left ventricular (LV) function (EF50%) in one, an impaired function (EF30-49%) in three and poor (EF-29%) LV function in two patients ( Table 1) .
All patients were haemodynamically unstable at the time of diagnosis and were treated with fluids, ionotropes and vasoconstrictors. Two patients were treated with pericardiocentesis (one in accident and emergency within 30 min of presentation) for urgent relief of tamponade. Two patients were on IABP (intraortic balloon pump) preoperatively. In the remaining patients IABP was inserted in the operating room after the completion of the surgical procedure
Surgical procedure
All patients underwent surgery immediately after the rupture was diagnosed. The rupture was localised to anterolateral wall in three, anteroapical in one, inferolateral in one patient and posterior wall in one patient. Only one patient was found to have a blow-out type of rupture while the remaining patients had an oozing type of ventricular wall rupture.
A midline sternotomy was performed. Blood and clots were evacuated from the pericardial cavity followed by establishment of cardiopulmonary bypass (CPB). One patient had massive bleeding on opening the pericardium, which necessitated volume replacement and urgent establishment of CPB. In all but one patient the aorta was crossclamped and antegrade cardioplegia administered. In one patient the operative repair was undertaken on beating perfused heart.
In the patient with a preoperative diagnosis of dissecting thoracic aneurysm (Type A), intraoperative findings were of a normal aorta with a large haemorrhagic inferolateral infarct. An area of epicardial haematoma surrounding the tear was found in all patients. In three patients the tear was actively oozing while in the remaining three it appeared to have been sealed by the overlying clot. Excision of the infarct and direct closure with interrupted mattress sutures reinforced with Teflon was performed in two patients. In one patient direct closure (without infarct excision) with interrupted pledgetted horizontal mattress sutures was combined with coronary artery bypass grafting to four target vessels (venous grafts). In this patient patchy disease was palpable in all major epicardial arteries and the venous grafts were performed empirically. In one patient a two-layer plication of the LV aneurysm using horizontal mattress sutures through strips of Teflon on either side was performed.
A sutureless glue repair was carried out in one patient. In one patient an autologous pericardial patch closure was performed. The patch was secured to surrounding myocardium with continuous running non-pledgetted prolene sutures. A liberal spray of Tissel glue under the patch towards the end of the procedure was performed. In both these patients compression was applied by the surgeon's fingers after spraying the glue.
Results
All patients were successfully weaned from bypass. Two patients died in the postoperative period in the intensive care unit (ICU). Both died within 48 h of surgery due to low output syndrome.
The longest hospital stay following surgery was 12 days (mean nine days). Most of the patients required 2-3 units of blood transfusion except one patient where 13 units of blood were transfused. This patient had prolonged ICU and longest hospital stay. Longest CPB time was 163 min and shortest was 36 min. Ischemia time ranged from 0-42 min. One patient was operated on CPB without cross clamping the aorta. IABP was used in all patients. In two patients it was inserted preoperatively to stabilise haemodynamics. In the rest of the patients IABP was inserted electively before coming off CPB. The longest duration of IABP use (110 h) was in the patient with the longest duration of ischemia time. The same patient had longest ICU and longest hospital stay. Shortest duration (24 h) of IABP use was in the patient who was operated on CPB with warm perfused heart ( Table  2) .
None of the patients were reopened for bleeding complications. Left ventricular pseudoaneurysms were not detected by echocardiography in any of the surviving patients. None of the surviving patients had any evidence of residual neurologic deficit.
Discussion
Left ventricular rupture is usually a fatal complication following MI. Several autopsy series have accurately defined this entity w1,2x. Approximately 4% of myocardial infarctions will develop ventricular free wall rupture w2,3x. It accounts for 12-21% of deaths following myocardial infarction w2,3x. Animal studies on biomechanical strength of myocardium after MI has shown that the myocardium regains its normal strength after about seven days w3,4x. It correlates with the fact that the incidence of rupture was highest in the first seven days following MI w4x. Sometimes rupture of ventricular septum or papillary muscle was associated with ventricular free wall rupture w2x.
The reported incidence is increasing with wider availability of noninvasive diagnostic modalities w3x. Common sites of rupture are the anterior or lateral walls w4x. According to Batts et al. w4x a midventricular position along the apex to base axis is most frequent (66%). Four morphologic types of rupture have been described w5x. Type I has little dissection or infiltration of the myocardium. Type II has a multicanalicular trajectory with extensive myocardial dissection. Type III rupture is protected either by a thrombus sitting at the orifice on the ventricular side or by pericardial adhesion. Type IV rupture is incomplete as the trajectory does not traverse through all layers. Various other terms such as blow-out and ooze rupture have been used but these pathologic variations could be easily fitted into the above classification w3x.
Usually the patients are older females with long history of hypertension w4x. In our series all but one patient were 60 years or older with no history of past MI which is consistent with the characteristic features described previously w3,4x. There was no female preponderance as described in previous series w4x. The clinical presentation could be with chest pain or with features of cardiac tamponade often with frank electromechanical dissociation w3x. A high index of clinical suspicion coupled with urgent portable echocardiography could clinch the diagnosis. Other investigations like transthoracic echocardiography, cineventriculography and technetium pyrophosphate scanning, though reported to be helpful in diagnosis were more of academic interest w3x. Patients' clinical situations do not usually allow such detailed evaluation.
The role of thrombolysis and reperfusion is controversial w6,7x. Some studies showed that thrombolysis had no impact on the incidence of rupture w6x. Nakamura et al. w7x, on the other hand, found a lower incidence of rupture (1.7% vs. 2.7%) in patients receiving thrombolysis. Reperfusion therapy might also decrease the incidence of late rupture (after four days) w3,7x. In our series five patients had not received thrombolysis, which supported the findings of Nakmura et al. w7x.
Emergency surgery is usually the only therapeutic option available. However, the most appropriate surgical procedure remains controversial. Successful surgical treatment of this condition was first reported in literature in 1972 w8x. Any individual surgeon will have very limited experience in managing this condition.
The surgical therapy was aimed at urgent relief of tamponade and closure of ventricular wall defect w9x. Several different techniques have been described in the literature w10,11x. These include direct closure without excision; excision of infarct segment and direct closure or closure using a prosthetic or autologous patch w10,11x. Recent reports suggest that the conventional technique of infarctectomy might be avoided and a more conservative approach can give equally good results w3,12x. Simple mattress sutures buttressed with Teflon felt can achieve haemostasis w12x. The suture line in all cases should be along the nonischemic area and deep preferably trasmural stitches are required which can lead to further deterioration in ventricular function due to damage to the nonischemic myocardium w13x. If sutures are placed in the necrotic myocardium, myocardial tearing can occur w13x. The technique described by Nunez et al. w14x was adopted in one of our patients with excellent results. In this technique the patch covering the area of infraction was anchored to normal myocardium with continuous running sutures taking shallow bites through the epicardium and through the superficial layers of myocardium w14x. Myocardial damage could be minimal by this technique w13,14x.
Availability of tissue adhesive materials allows a sutureless patch technique of repair for oozing type of rupture w9,13x. The glue should be able to provide reliable sealing with high adhesive strength w13x. A wide range of synthetic and biological glues are available for this purpose e.g. fibrin Downloaded from https://academic.oup.com/icvts/article-abstract/6/1/39/639342 by guest on 10 April 2019 glues, gelatin based glues and cyanoacrylate glue w9x. Several authors have reported good clinical results using tissue adhesive materials to get the pericardial patch or Dacron patch glued to the oedematous friable myocardium w9,13,15x. The advantage of this technique is that it avoids taking sutures through the friable myocardium and it can be done without cardiopulmonary bypass w9x. Some authors recommend fixing the patch with running sutures, even with the glue technique, as it can be more effective in achieving haemostasis and is more likely to prevent rerupture than sutureless techniques w13x. The obvious limitation of the sutureless technique is that it can only be used in cases of oozing type of rupture w9x. Sutureless repair should be avoided in patients with blow-out rupture w15x. Besides, the glue covers over an area of infarct which cannot be resected or excluded. As this tends to be a large diffuse area it may continue to evolve and extend so rupturing or forming an aneurysm later. Several authors have raised concerns about the risk of recurrent rupture and pseudoaneurysm formation with the sutureless techniques w13x. An elective intraoperative insertion of IABP could avoid these complications particularly when a sutureless technique is used w13x. The IABP reduces wall stress and should limit infarct extension and reduce intracavitary pressure w13x. Use of IABP is advocated even in the absence of haemodynamic instability w13x.
Repair of defects on the anterior and lateral walls, the most common types encountered, can be achieved with simple closure without cardiopulmonary bypass w3x. A detailed coronary angiography and coronary artery bypass grafting could be performed later w3x.
Batts et al. w4x reported that 80% of patients who underwent post-mortem examination had multivessel disease with severe obstruction of at least one major coronary artery. Thus there is a strong theoretical indication for revascularisation in these patients, which might potentially improve the long-term prognosis w3x. A preoperative angiography in such critically ill patients is not advisable w3x. Repairing the ventricular defect and empirically performing CABG based on palpable disease in the coronary artery, as was done in one patient in our series, is a controversial therapeutic option w3x. The other option of quickly relieving the tamponade and repairing the defect without revascularisation is preferred by many other surgeons w13x. Due to the small number of patients involved there are no data to support either approach. The surgeons using sutureless technique should be aware that if a patient required CABG later, identification and exposure of coronary arteries could be difficult due to the wide and deep pile of collagen haemostats w13x. A careful follow up was required as some of these patients will develop ventricular aneurysm or pseudoaneurysm at the site of patch repair w3,4x.
Conclusion
Left ventricular free wall rupture though uncommon is a catastrophic complication of MI associated with high mortality rate. Surgical techniques to deal with this complication vary and there are no standard guidelines. Due to the widespread availability of portable echocardiography machines more cases were being reported. Patients with an oozing type of rupture located on lateral or anterolateral wall can be treated with sutureless techniques often without cardiopulmonary bypass. Patients with a blow out type of rupture or actively squirting lesions would require a sutured approach. Long term follow up is necessary as there is a risk of formation of ventricular aneurysm or pseudoaneurysm.
